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▼High-resolution physical maps are constructed by the
generation of a contiguous set of overlapping YAC, BAC,
PAC or cosmid clones representing a genomic region of
interest. This is usually achieved by STS-content mapping
and fingerprinting of the clones. If there are many STSs
then screening a genomic library can isolate a contiguous
set of clones directly.
Although chromosome walking has been highly success-
ful for most genomic regions, it is not successful when the
region of interest is not unique in the genome. When STSs
derived from such a region are used as a probe to screen
a genomic library, they will identify clones containing in-
serts derived from different genomic regions. This results in
‘branching’ of the contig during contig construction. Not
surprisingly, the gaps in the present-day human genomic
maps are in precisely the regions of the human genome that
contain duplications or regions with low-copy-number re-
peats. The pericentromeric regions are the paradigm for this
(Ref. 1–4).
Different observations can point to ‘branching’ of a
contig:
1. the number of clones isolated with an STS exceeds the
genomic representation in the library;
2. neither of the two insert ends of a newly isolated clone
map back to the parent clone;
3. more than one hybridization signal is detected when
the STS is used as a probe for Southern blot or fluores-
cent in situ hybridization;
4. PCR on a monochromosomal somatic-hybrid panel in-
dicates that an STS is located on more than one chro-
mosome.
Nevertheless, even if there is evidence that branching
occurs, it remains difficult to determine which clones are
derived from the region of interest.
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If an STS is located at two positions in the genome then
point mutations might have occurred within its sequence.
To analyse this, the different PCR products derived from
different clones can be sequenced (Ref. 5); point mutations
between different PCR products can then pinpoint dupli-
cated regions. However, this method is time consuming.
We have explored the use of single-strand-conformational
polymorphism (SSCP) for contig construction using STSs
suspected not to be unique. SSCP is based on the princi-
ple that single-stranded DNA molecules assume secondary
structures in nondenaturing conditions (Ref. 6), and these
secondary structures depend on the primaryDNA sequence.
Single-base differences between two sequences will often
result in different secondary structures and consequently
to different migration in a nondenaturing gel. Below, we
describe two instances in which SSCP allowed the unequiv-
ocal assignment of different PACs, isolated from a low-
copy-number-repeat genomic region, to a specific contig
and allowed further chromosome walking in each region of
interest.
Results
A first project aimed to construct a physical map of the
pericentromeric region of chromosome 12. Pericentromeric
regions are known to have a complex structure including
many duplications (Ref. 7) and, as a consequence, are ab-
sent from most physical maps. A PAC that mapped to the
p side of the centromere of chromosome 12 (called 977F8)
was isolated and the T7-insert endwas sequenced and devel-
oped as an STS. After screening the RPCI5 PAC library (P. de
Jong; sixfold genomic representation), 11 positives clones
were isolated. This number of clones suggested that two
copies of this STS were present in the genome. Novel STSs
were generated from the PACs but STS-content analysis did
not allow us to order them into a consistent contig (Fig. 1a).
Subsequently, SSCP of the STSs present in these PACs was
performed. For two STSs (883G17t7 and 1052M23sp6), two
different SSCP profiles could be discerned (Fig. 1b). Each
profile was specific for a single subset of PACs. From the 11
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FIGURE 1. SSCP resolves branching during chromosome walking in the pericentromeric region of chromosome 12. (a) STS-content analysis of all PACs
containing 977F8T7. (b) SSCP analysis of three STSs in the region. (c) PAC contigs following SSCP analysis. In (a) and (c), the presence of an STS in a PAC
is indicated by a black circle and absence by an open circle; PAC insert ends from which the STSs are derived are indicated by a grey square. STSs are
indicated above and the PACs on the left. In (b), the PACs are indicated above the lanes and the STSs for which an SSCP profile was obtained are indicated
on the left.
positive PACs, six belonged to the region of interest and five
to another, duplicated, region. The grouping of the PACs
allowed the construction of a consistent map and further
chromosome walking with the PACs of the region of inter-
est (Fig. 1c).
In a second example, duplicated sequences within the
pericentromeric region of chromosome 17 (17q11.2) con-
fused contig construction and the identification of mi-
crodeletions in patients with neurofibromatosis type 1
(NF1). A novel STS, 62T7, was generated from a PAC end de-
rived from the relevant region. This STS could be amplified
from:
1. a somatic-cell hybrid containing a normal chromo-
some 17;
2. a somatic-cell hybrid containing a chromosome 17 that
carries an NF1-gene microdeletion (Ref. 8);
3. a somatic-cell hybrid derived from a patient carrying a
translocation t(17:22). This hybrid contains a fragmnt
of the long arm of chromosome 17 from exon 32 of the
NF1 gene to the telomere. (Ref. 9).
Nine PACs from the RPCI5 library were positive for 62T7.
(SSCP analysis of 62T7 for four PACs is shown in Fig. 2.)
Two different SSCP profiles could be discerned, suggesting
that 62T7 is duplicated. SSCP on PCR products generated
from the somatic-cell hybrids confirmed that 62T7 is du-
plicated, with one copy at the 3′ and one copy at the 5′
end of the commonly deleted region. The t(17;22) analysis
showed that the copy located in the 5′ region is not deleted,
whereas the copy located in the 3′ region is. Thus, the SSCP
profiles allowed the identification of two different sets of
PACs and chromosome walking could be continued.
Although these examples demonstrate the value of this
approach, some caution is warranted. If only a single STS
with a different SSCP profile is detected, this might be the
result of an allelic polymorphism rather than the presence
of a duplicated region. The more STSs with different SSCP
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FIGURE 2. SSCP shows the duplication of STS 62T7 in 17q11.2 and allows deleted sequences to be identified. PCR products of 62T7 amplified in four
PACs, three cell lines [H17 del is a hybrid with a microdeletion on chromosome 17; H17 N is a hybrid with a normal chromosome 17; H17t(17;22) is a
hybrid with the der(22) of a t(17;22) cell line] and human genomic DNA (+). The samples were analysed by SSCP. PACs 1040B18 and 896H19 are located
at the 3′ flanking region of the NF1 gene and are included in the deletion region, whereas PACs 1038I16 and 937F21 are located at the 5′ region and are
not included in the deletion.
profiles that exist within a certain region, the more likely
it is that the region of interest is duplicated. In addition,
duplications or amplification of recent evolutionary origin
might not have accumulated sufficient point mutations to
be detected by this method. However, the use of SSCP suc-
cessfully identifies genomic regions in which duplications
or small amplifications are suspected and substantially aids
the physical mapping of these regions.
Protocol
PCR amplification
PCR amplification was carried out in a final volume of 50
µl of reaction mixture containing 50 mM KCl, 10 mM Tris-
HCl pH 8.3, 1.5 mMMgCl2, 0.01% gelatine, 200 µMof each
dNTP, 12.5 pmol of each primer and 1.25 units Taq poly-
merase. 10 ng of PAC DNA and 300 ng of genomic DNA
were used as templates. Before the first cycle, the samples
were denatured at 94◦C for 5 minutes. The cycling condi-
tions were 30 sec at 94◦C, 30 sec at the annealing tempera-
ture (indicated below) and 30 sec at 72◦C. The primers and
annealing temperatures used were:
5′-TGTGGCTTCAATGACCCTTT and 5′-GGTTGG-
CAGGAAAGTGAAAA, to amplify STS 883G17T7
(58◦C annealing temperature);
5′-CTCCAGGCTAACCTCCACAG and 5′-CTCGAT-
TGGGTTTGTGGGT, to amplify 977F8T7 (60◦C
annealing temperature);
5′-TTCCCACACAGCAATAACCA and 5′-ACCCAA-
TGCAAACCTCACAG, to amplify 1052M23SP6 (63◦C
annealing temperature);
5′-TGAGAGGCGGGGTGTATTAG and 5′-TCCTTC-
TCCAGCCATGTTTC, to amplify 62T7 (55◦C an-
nealing temperature).
SSCP fractionation
1–3µl of the PCR reaction was diluted in water to 7 µl. Eight
µl loading buffer (0.5% dextran blue, 95% formamide) was
added before heat denaturation (95◦C for 3 min), followed
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by snap chilling the samples on ice for 1 min. 5 µl of each
sample were loaded on an Excel 48S, DNA gel (Pharmacia
Biotech) and electrophoresed for 3 h (15◦C, 600 V, 50 mA,
30 W) using a Multiphor II electrophoresis unit (Pharmacia
Biotech).
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